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Statistics
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of Variable   
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# Bkg Evts 10 102 103 10n
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1             Final State
5               Variables
100 000         Events
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More =   Faster

Fast Simulations
Three ways to do a fast simulation:

Use the full 
simulation to create a 
fast simulation

Build a parametric 
Monte Carlo from 
scratch

Optimize/Simplify the 
full simulation
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The Simulation Chain
1 ms Showering Fragmentation

Full Simulation 4-Vectors

Time Cost Per Event

1 ms 10 ms

10 ms1 s

Tree Level

Reconstruction/Object ID20 s
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With TurboSim
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Construction

p p

j j

e

Use events from full simulation to:
• Cluster parton level objects (Cone R<0.5)
• Identify reconstructed objects with parton clusters

>>>> turboSimturboSimturboSimturboSim ––––create table.txtcreate table.txtcreate table.txtcreate table.txt partonEventspartonEventspartonEventspartonEvents.txt.txt.txt.txt recoEventsrecoEventsrecoEventsrecoEvents.txt.txt.txt.txt

output input input
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Text Files
>>>> turboSimturboSimturboSimturboSim ––––create table.txtcreate table.txtcreate table.txtcreate table.txt partonEventspartonEventspartonEventspartonEvents.txt.txt.txt.txt recoEventsrecoEventsrecoEventsrecoEvents.txt.txt.txt.txt

output

Event1: pT η φ pT η φ …

Event2: pT η φ pT η φ …

Event3: pT η φ pT η φ …

Event4: pT η φ pT η φ …

Event5: pT η φ pT η φ …

Event6: pT η φ pT η φ …

Event7: pT η φ pT η φ …

Event1: pT η φ pT η φ …

Event2: pT η φ pT η φ …

Event3: pT η φ pT η φ …

Event4: pT η φ pT η φ …

Event5: pT η φ pT η φ …

Event6: pT η φ pT η φ …

Event7: pT η φ pT η φ …

PartonPartonPartonParton LevelLevelLevelLevel ReconstructedReconstructedReconstructedReconstructed
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Object Details

Parton Cluster

• Initial State Radiation

• Outgoing legs

Reconstructed Objects

• Using standard particle definitions for   e± µ± τ± γ b  j 
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Lookup Table
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Table Notes

Merging particles

Missing Energy

• Defined in terms of main objects

e+γγγγj
j

…

…
e+γγγγ

j
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Binary Tree: Singlets

smaller larger

= parton cluster
= reco object(s)

Sort on

ηηηη

φφφφ

pT

ηηηη

φφφφ

pT

pT ηηηη φφφφ
+
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Binary Search Example
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Binary Search Example

ηηηη

φφφφ

∆φ∆φ∆φ∆φ ~ 0.1 rad

∆η∆η∆η∆η ~ 0.1

∆∆∆∆pT ~ 1 GeV



27

Binary Tree: Singlets

smaller larger

= parton cluster
= reco object(s)

Sort on

ηηηη

φφφφ

pT

ηηηη

φφφφ

pT

pT ηηηη φφφφ
+
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Binary Tree: Doublets

smaller larger

= parton cluster
= reco object(s)

+
2

1

Sort on

φφφφ

pT
1/pT

∆∆∆∆R

ηηηη

φφφφ

ηηηη
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Binary Tree: Triplets

smaller larger

= parton cluster
= reco object(s)

+

2
1

3

Sort on

pT
1/pT

pT
2/pT

ηηηη

ηηηη

pT
1/pT

pT
2/pT
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Application
>>>> turboSim  turboSim  turboSim  turboSim  table.txttable.txttable.txttable.txt partonEventspartonEventspartonEventspartonEvents.txt.txt.txt.txt recoEventsrecoEventsrecoEventsrecoEvents.txt.txt.txt.txt

input input output

1. Take sample of stdhep events1. Take sample of stdhep events
• Cluster parton objects

• Cone algorithm (R = 0.5)

p p

††

† Different
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pT=25
η = 0.6
φ = 130°

smaller  larger

= parton cluster
= reco object

pT=32

η = 1.1

φ = 40°

pT=15

pT=22
η = 0.55
φ = 125°

2.   For each cluster, walk the tree2.   For each cluster, walk the tree

Walk the Tree
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Shimmy
3.  Shimmy     3.  Shimmy     ifif differentdifferent from from 

= parton cluster
= reco object

pT=22
η = 0.55
φ = 125°

pT=24
η = 0.59
φ = 127°

shimmy
pT=27
η = 0.64
φ = 132°

(This step is irrelevant in the large lookup table limit)

pT=25
η = 0.6
φ = 130°

pT=25
η = 0.6
φ = 130°
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Test Results
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Distributions1
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Distributions2
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Distributions3
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Distributions4
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Jets
Example of disagreement at greater than 10σ TurboSim

CdfSim

The worst 
distribution in the 
only final state with 
normalization 
disagreement larger 
than 10 σ
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Electrons

TurboSim
CdfSime+e-
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Muons

TurboSim
CdfSim
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A More 
Complicated 
Final State

TurboSim
CdfSim
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Objects 
Close 

Together

TurboSim
CdfSim
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The 4 Most 
Discrepant 

Distributions 
in 6j

TurboSim
CdfSim
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Summary

• TurboSim – self-tuning detector simulation

• Uses knowledge of full CDF simulation

• Application to any frontier-energy experiment

• Initial results look promising

• Real test is future analysis


